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ABSTRACT OP THE DTsrT/i ffTmF 



It is known to isolate MHA from a reaction-mixture 
obtained by the addition of hydrocyanic acid (Hch) to methyl 
■ercaptopropionic aldehyde (HHP) «md the hydrolysis of the 
methyl TOrcapto propionic cyanohydrine (KMP-CH) obtained 
thereby with sulphuric acid, in which the reaction mixture is 
brought into contact with a substantially non-vater-*i«cible 
organie solvent in order to form an extraction solution 
having the solvent and MHA transferred from the reaction 
mixture, and the MHA is obtained as an extract from this 
extraction solution by concentration. The simplest and most 
economical process of the invention concerning the processing 
of the reaction product which facilitates the production of a 
highly concentrated product with ah extremely low dimer, 
oligomer and by product; content, is characterised in that the 
concentration is conducted in such a way that the remaining 
extract contains less than 4 wt % and preferably less than 2 
wt % of water. Animal feed supplement, mixtures for 

supplementing animal feed. e.g. with methionine or ammonium- 
MHA. 
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The invention relates to a proceas for recovering 2- 
hydroxy-4-methylthiobutYric acid. (MHA) according to the 
pre-cbaracterising clause in claim i, MHA obtainable in 
accordance, with the invention and use of the MHA prepared 
by this process, 

The invention relates in particular to an proved, new 
type of isolation process for MBA in very high 
concentration and puritv t mm a • • 

during preparation^ "actxon nuxture resulting 

2-hydroxy-4-tnethylthiobutyric acid (MHA) is the hydroxyl 

nutritll ^ " " " ^ditive in animal 

2l2lt?' *** ri »S *°^*y. MHA shows similar 

stimulating properties to those of the amino acid 

ZlTtT. T ^ PUrP ° 6e - is being 

used increasingly in other areas of animal nutrition. 

SriL\°r ly US6Cl ^ ^ fOTO ° £ "Urates, 
vnerein these contain i n ,«j t i • . 

. oncain. m addition to the monomer, a 

certain .proportion of oliaomoT-B ■ 

r-ri^ ■ , ■ oligomers, mainly dimeric and . 

trimeric linear ester acidn tv.« . , 

acias. The actual amount of these 
oligomers depends on the condition 

concentration selects n, * reparatlon the 

and t h < ?elected - 006 to their low nutritive action 

and the inconvenient effect or. VkI «<• 

an increase in v4 „ "° y P r °P ert ie*. due to 

increase in viscosity, it i s desirable. . however, to keep 

heir percentage proportion as low as possible. Commercial 

r rr: preferaMy <°* * 

n total tQ 2 * Wt -*« c ^Po=^ng to ca. 27 mol.* 

rat" o M***""*' corresponding to a monomer/oligomer 
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Use of the calcium salt and. mixed calcium ammonium salt of 
MHA as an animal feed additive is also known. Production o£ 
these salts, however, is associated; with higher production 
costs. In addition, as powdered solids they are less easy 
to incorporate into the feedstuff formulation than readily 
sprayed aqueous concentrates of the f ree acids with low 
proportions of .oligomers. 

The synthetic route to MHA consists of 3 reactions . 



The general process £or preparing MHA starts from 
3-methylthiojpropionaldehyde, also called 

methyln«rcaptopropionaldehyde .or MMP. which is. reacted With 
hydrogen cyanide to give 2-hydroxy-4- " '" ' . 

15 methyl thiobutyronitrile. also balled; MMP.cyanbhydrin or 
mmp-ch (equation ij.. 

. HjCS. ' H 

^CHO + HCN . HjCS^^^CN (J) 

20 l 

OH 

r ' 

The MMP^cyanohydrin produced is then usualiy hydrolysed 
with strong inorganic acids via the .intermediate stage of 
2-hydrbxy-4-methyithiobut:yramide f also called 55HA-aiiide 
25 (e<juat£on ID", 

KjCS JfxN , H 



Co give the methionin hydroxy analogue (MHA) (equation 
ill) . • 



OH+HjO ^ H 
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This hydrolysis can be performed, in either one or two 
■ stages,, wherein •stages" is understood to mean that 
inorganic acid and/or water is added either: once or twice 
to hydroiyse the MMP-CH, i.e. the nunfcer of stages 
5 corresponds to the number of addition processes. 

■ • * 

A two-stage method of working starting, from MHP- cyanohydrin 
is described in US patents 2 745 745, 2 936 053 and 
3 175 000. There, the cyanohydrin is initially reacted at 
10 relatively low temperatures with concentrated inorganic 

acids, e.g. with 50 - 85 % strength sulphuric acid, to give 
KHA-amide, whereupon hydrolysis to give MHA is then 
performed. at elevated temperature after the addition of 
water. The calcium or calcium ammonium salt of MHA and the 
15. coupled product calcium sulphate is obtained from this by 
treating the saponification mixture with calcium hydroxide 
or carbonate. To avoid the inevitable production of 
unwanted secondary products, the. first two patents 
mentioned recommend using the hydrolysis reagent . sulphuric 
20 acid in a sub -stoichiometric ratip to MMP- cyanohydrin of, 
for example, 0.55 - 0.8:1. British patent 722 024, which 
describes a similar method of forming the MHA salts from 
MHA-amide, also implies the two-stage method of working. 

25 A two- stage hydrolysis is also used in the methods 

disclosed in European, patents .0 .142 488 (using sulphuric . 

■ * * * * 

acid) and_6 143 100 (using inorganic acids) , the object of 
which is the recovery of MHA in a liquid form, that is in 
highly concentrated aqueous solutions. These are obtained 
30 after the hydrolysis reaction,, performed under defined 
concentration and temperature conditions via the amide 
stage using excess inorganic . acids , by means of solvent 
extraction, wherein specific solvents which are partially 
miscible with water are used. 



35 



According to the. data in these patents, the characterising 
feature, of the method described therein is regarded as the 
recovery of MHA. from the extraction solution, which is 
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performed in ouch a way that recovery includes removal of 
the organic solvent in the presence of at least about 5 
wt.% of water, with respect^ to the remaining extract (Mibo . 
MHA is recovered from the extraction solution by 
5 distillation (see the examples) , wherein steam distillation 
is preferred. By removing the solvent from the extraction 
solution during steam distillation, the bottom product 
obtained is a mixture of .HB£. and water. Steam distillation 
is therefore performed in sUch a way that the bottom 
10 product contains at least 5; wt.% of water. 

At another point, the patents in question specify tiiat the 
column conditions during distillation are controlled in 
such a way that throughout the column, at least, however, 
IS in the bottom fraction, the liquid phase contains about 
S wt.%. of water. 

Prom this, it follows that Without the presence of a * 
sufficient amount of water during recovery of MHA from the 
20 extraction solution the increasing formation of unwaxi ted 

secondary products (dimers And oligomers) is to be feared. ) 

• , * * - * 

* ■ * * ■ • ■ i 

Furthermore, the steam is used during distillation as a 1 
driving agent for complete removal of the extraction agent. 
25 from the MHA solution, e.g. -by .forming a low-boiling . 

azeotropic mixture with the corresponding extraction agent. . . 

Concentrated MHA solutions . without the use of a solvent are 

obtained according to US patent 3 773 927 by means of a 

30 two-stage hydrolysis of MMP-cyanohydrin using excess 

• aqueous hydrochloric acid, subsequent, concentration of the 

■ . ■ * • ..* * 

saponification mixture and separation of the crystallised- 

out airanonium. chloride . The MHA concentrates obtained in 

this way, however, smell of oligomers and are dark 

3*> coloured. Also, the isolated anroonium chloride is heavily. 

contaminated. 



2194437 

'5 

According to US patent 4 353 924, the excess inorganic 
acid, after two-stage hydrolysis using hydrochloric acid; 
is neutralised with anroonia or another alkaline substance. 
Concentrated MHA solutions with very few corrosive 
5 properties are obtained in this way. 

A process is described in US patent 4 310 690 in which, 
after hydrolysis with hydrochloric acid the mixture is 
neutralised with caustic soda solution under precisely 

10 defined conditions and the amnonium chloride xs converted 
into coronon salt and aianonia. During subsequent treatment 
with slaked lime, the MHA calcium salt is obtained as a 
.©lurry in a virtually saturated solution of common salt. 
After solid/liquid separation, the majority pt the filtrate 

XS is recycled to prepare the slaked lime slurries. In this 
way/ pollution of the effluent is reduced and the co- 
production of, unwanted or environmentally polluting 
impurities is avoided. 

20 One-stage hydrolysis methods are also described in the 
. . patent literature. Thus, the process according to British 
Tsatenr. 915 193 is aimed at the recovery of the MHA calcium 
salt, wherein after saponification of MMP-cyanohydrin with 
excess dilute sulphuric acid, the MHA. formed is separated 
25 from the saponification solution by means of /extraction 
with high-boiling ethers and the MHA calcium salt is 
obtained by subsequent treatment of the extract with 
calcium hydroxide. Return of the aqueous raffinate to the 
saponification stage which is. provided in this, continuous 
30 process, however i leads to an accumulation of inorganic 
minor constituents. 

■ * 

European patent 0 .330 527 discloses a further one-stage 
hydrolysis process using sulphuric acid as the 
35 saponification agent, which takes place without solvents 
and leads directly to concentrated aqueous MHA. solutions, 
wherein crystalline ammonium sulphate, in saleable form is 
obtained as the co-product. This objective is achieved by 
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hydroxide solution until the excess inorganic acid and the 
ammonium bisulphate nrrvW** w ' w : amc and the 

»etit»**i , ! ■ produ<?ed **en converted into, the 
neutral sulphate, wherein -v ■ 

«; wk^u / T , lfl rf° i^id phases are produced 

5 which for their part can be senarat^ P^uced, 
in «r*— w T separated and evaporated down 

in order to obtain low* **n ■ ^ , • 

a way that vir^ii «covery steps are combined in such . 
10 * W f virtually no product is lost and no salt- 
10 polluted effluent is produced -n,- , , 

4, .. P*°Qucea.- The resulting KHA is of 

similar quality to the product «h^„V ~» 
>P 0 142 488. <*ta«ed according to . 

„ How ^' «Ven this enviroiaentally friendly process has 
IS various disadvantages Ac n,. ■ ■• s 

^« t 10 ora *r to achieve complete V 

20 cyanohydrin conversion Also ■ ■ • °^ ,Aee ? ■ | 

„ lt . ^, < a " AlBO « fc 9 avoid the deposition of j 

Nit during neutralisation, high dilutions have to be used ' 

cl^l" K 0 ^ ^ tG BeParate ^ two li^ . 
cleanly. Next, the a^oniu* sulphate obtained is of a 

weawnenc, such as e.g. wash- filtration «*• 
recryscallisation i 8 required «h4*v ■ ? r ■ • 

the process ' Mch ^ creaaes the costs of 

tne process . Again, the process consunfes more energy in the 

iTcIted f ^ Pr °^ ^ 0' 1« I£ . 

■ is cited for comparison, differentl y than is asserted 
30 Solids handlina a«- M «-^ • asserted. 

«^i n 9. arranged in two separate lines wita 

f ilteri^g/centrifuging and, aot shown in the flowchart 

drying of the aamonium sulphate, is also, very costly and 

utilises complex equipment. 

■ 

35 aLolM Pri ° r CiCed he " ia th * disadvantages 
associated with known processes, the object of the . 

invention is to. provide a further process for the 
preparation of 2-hydroxy-4-meth y ithiobutyric acid (MSA) of 



V 

) . 
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the type mentioned at the beginning, which is intended to 
be as simple and coat effective as possible with regard to 
processing the reaction products and is intended to provide 
the most highly concentrated product possible with the 
lowest possible concentration of dimers, oligomers and 
secondary products. The invention thus provides data for an 
MHA and its use. 



This is achieved along with further objects which are not 
10 stated in detail by a process of the type mentioned at the 
beginning which has the features* in the characterising 
section of Claim 1. 

Advantageous process variants are protected under the 
15 process Claims which depend on Claim 1. Vith reference to 
an iti^roved MHA, Claim 8 represents a solvation to the . 

problem according to the invention. Claims 9 and 10 provide 

* . ■ ■ 

novel uses. 

20 Since evaporation of the extraction solution to obtain MHA 
as product (remaining extract) is performed in such a way 
that, the remaining extract contains less than 4 wt .%/ 
prefcXoLiy Isss thsu; 2 wc.*, cf water, the invention 
provides a process which enables the preparation of liquid 
25 MHA of outstanding quality and which iii particular produces 
in an. unforeseeable manner a highly, concentrated liquid MHA 
. with a low proportipn of oligomers and dimers. Prom the 
point of view of the known processes in the prior art, xn 
particular the two European patents 0 142 488 and 
30 0 143 100, it has to be recognised as more than surprising 
that this can be achieved with smaller, amounts of water 
than, a person skilled in the art would infer from the 
patents mentioned. Within the. scope of the invention, it 
was also, unf oreseeabiy , shown that approximately 100 % 
35 strength MHA . solutions are obtainable which can be 

transported without any clear, loss of quality and then 
adjusted to desired concentrations with suitable additives 
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diluents. This finding is 
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a large-scale process. 



an enormous economic advantage 



10 



15 



20 



25 



30 



35 



The present invention is thus concerned with one important 
aspect, in particular the evaporation of an extraction 
solution, in the form in which it is obtained following . 
liquid/liquid extraction of a reaction mixture^ which is 
obtained, for example, by hydrolysis of MMP-CH with 
sulphuric acid. 

The extraction solution used for evaporation to recover MHA 
can be obtained from the reaction mixture by processes, 
familiar to a person skilled in the art, for example by 
extraction. The organic solvent used for extraction in this 
process should be essentially immiscible with water. 
However, partial miscibility of the organic solvent with 
water can be tolerated. Among solvents which are suitable 
for material separation in the liquid/liquid extraction 
process are a number which, satisfy the conditions of 
chemical, inertness and a low solubility, towards water. In 
general it is preferable that the solubility of water in 
the solvent should be not greater than ca. 15 wt.V, . 
preferably not greater than 10 wt.%. at room temperature. 
Prom among the suitable solvents, those which are preferred 
have a boiling point between ca. 60°C and ca. 300°C, 
preferably between ca. 70°C arid 150°C. The partition 
coefficient for MHA in equilibrium between the solvent/ 
which contains; the extracted MHA, and the aqueous 
raffinate, which remains behind. after the/solvent and 
MHA hydrolysate are placed in contact, should be at 
ca. 2. . This partition coefficient should preferably.be at 
least 5. Also, the partition coefficient for MHA in 
equilibrium between extraction solution and wash water 
should hot be less than about 1. Furthermore, the solvent 
should have low. toxicity. 



■i 
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A. number of. ketones,, aldehydes and caxboxylates axe 
particularly suitable, as. a solvent in the extraction 
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process. Particularly preferred solvents are ketones with 
comparatively low molecular weights : such as, for instance ( 
mathyl-n-propyl ketone, methylethyi ketone, methylamyl 
ketone, methyl is oarayl ketone, methylisobutyl ketone, 
5 ethylbutyl ketone and diisobutyl ketone. Highly suitable 
solvents for the extraction process are also aldehydes such 
as, for instance, n-butyraldehyde, . and esters, such as, for 
instance, ethyl acetate, n-butyi acetate, n-prbpyl acetate 
and isopropyl acetate. Alcohols may also be used, although 
10 these are less preferred due to their mutual solubility 

with water, slow phase separation and the tendency to react 
with MHA. 

The extraction itself may basically be performed 
15 continuously or intermittently. . For a batchwiise process, a 
. stirred tank reactor, for instance, is suitable. 

Preferably, however, the extraction is performed in a 
continuous countercurrent extraction plant which has an 
extraction zone designed, to accelerate the mass transfer 
20 between solvent and aqueous phase. Thus, it is 

advantageous , for example/ to perform. the extraction in a 
cascade of. continuous countercurrent mixer/separators, a 
packed column, a perforated plate column,' preferably as a 

* 

pulsed column or a column with movable perforated plates, a 
25 column with rotary plates or a centrifugal extractor. . In a 
particularly preferred embodiment the extraction is 
performed in a perforated plate .column for liquid/liquid 
extraction. Intermittent or pulsed currents, although 
cyclical and thus not continuous, in the sense of rapid flow 
30 rates, are regarded as "continuous* in connection with the 
present disclosure.. 

The extraction, process is preferably controlled in order to 
nroduce and maintain the solvent phase in. the extraction . 
35 zone as the continuous phase.. 

In order to keep the salt content of the final product to a 
minimum, the extract is preferably washed with water. In a 
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15 



„ r D<traC tion system, the extract 
continuous counteract .extract, sy ^ 

can be washed hy mixing ^g*^ pt the organic 

current, of the ^.^^ Xction system. Thus, 
produced .into ^ ^ d/ ^ ^ using a solvent whose 
for example, xn a chan i, solvent .is 

specific weight is ^the teed point 

reduced into the ^ ^ 

at which the aqueous aC a point above the 

wash water is ^^^^Jiution. In a preferred 
£e ed point for the at a .^e pf about O.S 
pediment, the. *^ % S ™ ot weight of hydxolyeate. 
to 0.6 parts hy .weight per uni . 0.92 to 

when an extract with a ^ mha » • sum of MHA 

monomers, dimers «■ ^ 
40 vc.% is obtained: 




20 



2S 



30 



is increasea by 
^ productivity of the "^0^^' by providing . : 
opting at a phase yithin- .^he : 

a relative^ low ^coeity for tne ^ in tne range . . 

of about 50 to about cee „; icient between 

beneficial effect on the . 
the organic and the aqueous phase. 

n of the invention. «* can be recovered from, 
in the scope, of the ... . as already . 

^extraction 

mentioned. In a particularly^ te(il0ved by 

to the., invention.. 

evaporation by using a unit ^ evaporation stage, . 

time for the ^ Uon^- preferably 
Therefore the organic solvent jpa during evaporatxon . 
separated from t*e extraction sol evaporator 

basing a. falling,^ ^.^^ the aid of this type 
and/or short-path prater pr ; w lt h t .. . • 

of unit . 



35 
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The expression "with the aid of this type of unit- is 
understood to mean, within the. scope of the invention, that 

. the unit mentioned with a short residence time for the 
extraction solution may also be combined with devices known 

S to a person skilled in the art for separating solvents from 
extraction solutions. In this case, the units used to form 
the combination do not necessarily : have to be those with a 
short, residence time. At this point may be mentioned, inter 
alia, distillation columns which may. be equipped for the . 

10 introduction of steam or other suitable stripping agents, 
as required. Combinations which include several of the 
units with short . residence times listed are also possible- 

In an advantageous modification of the process according to 
15 the invention, the evaporation procedure is preferably 

operated, in such a way that the snakiest possible residual 
amount of solvent is produced. This is achieved, for 
example, by combining several of the units mentioned .above 
with a stripping stage, which may be present as an 
20. additional unit or integrated into the previously mentioned 
units in the evaporation system such, as, for instance, via 
direct introduction of. the stripping medium into such an . 
evaporator. 

25 The specific conditions for evaporation necessarily vary 
with the particular solvent used for. application in the 
extraction process. Basically, when using, a separation unit 
with a short residence time for the evaporation process, it 
is preferred that the pressure during evaporation is not . 

30 higher, than 600 mbar, preferably 400 mbar and in particular 
200 mbar. 

The temperature, to be used for evaporation generally . . 
depends on the solvent being separated, it is striven,. 
35 however, and is thus also particularly preferred in the 
scope of the invention/ to keep the temperature during . 
evaporation no higher than 150?C. If this temperature is 
very clearly exceeded, then the desired product may be 
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subject to thermal damage. Here, the temperature during . 
evaporation is not -necessarily understood to be the contact 
temperature of the product with the . surf ace of the 
evaporation unit designed for short-term contact with the 

5 product. Rather, the temperature ' during evaporation is tp 
be thought of as the average .temperature in the evaporation 
unit. The temperature at the surface of the evaporation 
unit may, if necessary, be very much higher than 1S0°C. The 
brevity of contact time .in the evaporation units used is 

10 the crucial factor! This avoids thermal damage , even if the 
contact ten^erature. should be. well above lSd«C. 

With regard to temperature distribution !, it. has proven in 
the scope/of the invention Chat it is of special advantage 
15 for product quality if the temperature of the remaining 

extract directly at. the outlet from the evaporation unit ie 
between 30 and 100°C, preferably 50 to 95°C and in 
particular 7a to 90°C. 

20 as . already mentioned, the residence time of the remaining 
extract is a crucial factor for the quality and composition 
of the MHA product striven for. In an advantageous 
development of the process according to the invention,, the 
residence time of the remaining extract in ths evaporation 
2S unit is not longer than l.S hours. . This refers to the 

residence . time in the whole evaporation, system, which has 
at least one evaporation stage with a very short residence 
time. The. residence time in. the unit with a very short 
. residence . time is more likely to be -within the minute range 
30 or less as- against the maximum total residence time of 

. i/s h cited. In this . case, it Is preferred in the. scope of - 
the invention, when evaporation consists of only -thin * 
layer evaporator and /or a falling-film evaporator and/or ; a 
short-path evaporator that the. residence time in tb*se 
35 units is net longer than. 1 h, preferably 40. tain. 

in a further aspect, the process according to the invention 
alao improves, in addition: to the isolation procedure for 
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KHA from the reaction mixture obtained, by hydrolysis with 
sulphuric acid, the hydrolysis of MW-CH itself. Thus, in a 
preferred embodiment according to the. invention, hydrolysis 
of MMP-CH is performed in such a way that in a first stage . 
the HMP-CH is hydrolysed with CO - 85 wt.* strength, 
preferably 65 - 80 wt.% strecgth, sulphuric acid in' the 

ra^io of HMP-CH: to H,S0 4 of-1.0:0.S to l:i.0S, 

1:0.6 to 1-.0.8 at temperatures of 30 - 90°C 
preferably 50 - 70 «c. essentially With the production of 
MHA-amide. Here, essentially MHA-amide is produced from 
WHP-cyacohydrin, wherein the mixture being produced is 
essentially free of unconverted MMP-cyanohydrin. i n other 

words, this means that, the hydrolysis proceeds virtually 
quantitatively. 

Furthermore, it is particularly advantageous to the 
. invention if hydrolysis of the Wamid* obtained in the 
f xrst. stage is carried 6ut in a second stage by adding 
water and if necessary further sulphuric acid up to the 
stoicniometric upper limit, preferably however without the 
further addition of further Hj so„ at temperatures up to 
140..C,. preferably, between 100 and 140-C. preferably, under 
reflux conations, ir. order to complete hydrolysis of the 
KHA-amide to give MHA. Basically, the second hydrolysis 
stage can also be performed at temperatures below iao«c 
for example up to upper l in i ts of temperatures of -9.0 - ' 
100»C. In this case, however, the addition of furtb*- 
sulphuric acid . up to a maximum of the stoichiometric upper 
limxt. is retired. In order to complete hydrolysis of the 
MSA.anude to give the desired MHA without adding, further - 
sulphuric acid, but only adding water, it has proven 
advantageous to the invention to use temperatures up to 
140OC. It is also within the scope of .the invention to 
perform the intermediate hydrolysis of. MMP-cyanohydrin 
wxth, as compared with the prior art; more highly 
concentrated sulphuric acid in substoicbiometric up to at 
most stoichiometric ratios, wherein in the case of . 
substoicbiometric addition- in the first hydrolysis stage 
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(amide f ormation) at lover temperature # to shorten the 
reaction time in the second stage, further sulphuric acid 

* m * * ******** 

may optionally be added to reach the stoichiometric upper 
limit at elevated temperature, in order to complete 
5 conversion of the amide to the acid. 

The invention also provides an improved MHA. which is 
obtainable by a process like the one described above! The 
improved MHA is characterised according to the invention in 

10 that it has more than 95 wt.% of total MHA. where total MHA 
c the sum of monomeric MHA, MHA dimers and MHA oligomers 
and between more than Oil and less than 5 wt.% of water. In 
particular, it has proved advantageous to the invention . 
that an mha can be obtained, without a high degree of j 

15 impairment in. quality, which, is characterised in that it 
has more than 98 wt.% of MHA as the sum of monomeric MHA, 
MHA dimers and MHA oligomers and a water content of between 
. 0.1 and less than 2 wt.% and a kinematic viscosity of 

> 100 mmvs at 25°C. Surprisingly, , it has. been demonstrated : 1 * 

20 that the kinematic viscosity, measured by the Cannon- Fenske . ' * 

method, of the highly concentrated concentrate (that is MHA ■ ■ -5 

• ' * ■*■■■.■■ . ■ * * * • * ' ** 

with at least 98 wt.% of active substance), after storage ] 

and dilution, is comparable with the kinematic viscosity of , i 

an 88 wt.% strength product. Despite a relatively high j 

* * •■■..* ■ • j 

25 dimer and oligomer content of ca* 50 wt.% being set: up in 
the concentrate after storage for ca. 300 days at room 
temperature, on dilution of the stored, concent rate with = 
water to ca. 88 wt.%. its kinematic ; viscosity corresponds to 
that of the 88 wt.% strength commercial product which in 

30 corresponding storage tests has an equilibrium 

concentration of : only da. 25. wt.% of dimers and oligomers. 

■ • . , , . . . . 

In both cases, with both the diluted concentrate and the 
commercial product/ the equilibrium state was reached. This 
fact is very surprising ..and is proven to be of great 
35 advantage for a variant of the MHA concentrate prepared 
according to. the invention. In .'view.- of; the fact that 
dimeric and oligomeric fractions generally impair the 
. viscosity of the MHA which in practice is., disadyantjagedus 



15 



20 



25 



3d 



. 2194437 

for practical processing, it waa all the more, surprising 
that, despite high initial contents ixi the so-called highly 
concentrated concentrate , an easily pun^>able and thus 
transportable mixture with a convenient viscosity can be 
5 obtained. Itois has a number of advantages. In particular, 
the viscosity and above all the nigh active substance 
content mean that the concentrate can be transported more 
economically, since less water is transported, and yet 
nevertheless it can be diluted with water to standard 
10 concentrations in the food mill at . the destination, without 
having to put up with unacceptably high viscosities. 

Furthermore, it has turned out, within the scope of the 

invention, that an especially high quality KHA. is 
obtainable following appropriate management of the 
hydrolysis reaction/combined with the mild evaporation 
procedure used according to the. invention with very -short 
residence times : The. MHA which can be particularly 

advantageously prepared is characterised in particular by a 
proportion of the sum of aimers and . oligomers with respect 
to the total amount of MHA of « io aoi-%. preferably 

< 7 mol-%. This means that » j-.- _ - a . . . 

w . • e cnac ' afi con^ared with the prejudice 

Titll ? ^ Ch rePreSeat8 « very 

suitable for transport due to the extremely small ^ 

proportion of dimers and olieomer,, 



'• ■■ ■■■■•■"•.'■i' >, -V',-v^. 



35 



Furthermore it is possible wit-M* 
inventi«« -~ oBSiOAe, Within the scope of the 

mvention, to use the highly. concentrated MHA product to 
produc, animal feedstuff supple^. Ia this case L L 
Shown chat, by ^ , — ^ 

(optionally hh 3 to produce ^-MHA, . all. the nutritxT 
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values basically required by 
without: any loss in quality. 



the market gah be produced 



10 



15 



20 



Above all it has proved extremely surprising that,, by 
performing the invention, the mixtures are obta inab le not 
only . by the addition of suitable mixing, components such as 
water, methionin and/or. ammonium MHA at the outlet for the 
desired MHA product from the evaporation stage/ but that 
also and furthermore of particular advantage in. the event 
that ammonium MHA. is admixed, ammonia -cap. be introduced 
directly into the MHA product from the evaporation stage. 
In this case, a desired proportion of the MHA ia converted 
into ammonium MHA, depending on the amount of ammonia 



30 



Furthermore, it has proved to be particularly advantageous 
that a product based on the extraction solution which 
contains virtually no dimers or oligomers is obtainable if 

* * 1 . ' " I * * * *»■ * • * * t , 

ammonia is added, to the extraction solution before 

ion and the two phases produced are separated into 
c and an aqueous phase and the aqueous phase is . 
fed to the evaporation unit which preferably has a short 
residence time, with this method of operation, a mixture of 
MHA and ammonium MHA is produced at the outlet from .the 
evaporation stage which contains virtually no dimers and 
oligomers. Furthermore * it is also possible to feed ammpnia 
directly into the. evaporation unit: in addition ammpnia may 
also be used as a stripping 



in a particularly preferred embodiment according to the 

* • * i * ******* . « * * 

invention, the MHA obtainable by a. process 
herein, which contains more than 98 wt.* of MHA, 
as . the sum of TOnomeric MHA, M» dimers and MHA oligomers/ 
as well as more, than 0 .Find less than 2 wti'% 'oiTwater and 
having a kinematic viscosity of i iob mmVs at 25°C, is 
used co prepare mixtures fbr animal feedstuff supplements, 
wherein the use is characterised in that a mixture is 
prepared with methionin;. whose 1^ content including 



219AA37 



17 



an wt % and whose 
tenets. di-ers and oligomers, xs < ao.wt- . tg after 
aonetners. includin g MH* dimere. and olxgome . 

oligomer content xnelua g if j < 25 mol.%. 

aLers and oligo-ers and methionin. 

of MHA and methionin »re animal 
The mixtures of MHA an t Mitn regard to 

..p.cially •^'"!,." it t ^ tlK » >t «. It i. to— <«~ 



15 



20 



even at room ^^"^^ ^ ah ca. 
eo^rcial BS *£^J%£ « oli^ U set u* 
eouilibrium ^ tr ^ at rcom temperature. M already 
in 300 day borage teste at , ro mha has a much . 

^ioned above, tne highly SQ ^ af te r a 

_ „ „ A oiioocneir content or ca. , ^ . 
higher dxmer and ol-gome .dxtures. of 

storage time of . 300 days. en 6bown( 

. • mba in the storage tests, xt . . 

wethiomn and MBA xn t . flt orage time... in an, 

i * a <=f *r 300 days, therein this ■ ■ . . 

20 mol-% after jut* w»y .w^rution for MHA, which 

j methionin substitution 

5 corrected for the metm % ._ 

le ads ..to . Ignif icaht because, a • 

nevertheless, ^^^ ^^^ to the less . 
lover oligomer content ^ ^^rs. Even an 

favourable, biological effxeacy ofjhe ^ signi , icant ... 

JO improvement of only. ™- woau ct in animal 
improvement in the efficacy of the^ ^ 

f eedstuff ^^l^tnlddition. tfce cold storage 
i-^-^^^^i surprisingly, 
senility of moct«M ci ™» . f ^ v 0 f «» and . 
35 is greatly in^royea. A noiture o . ■ « M teoever 

precipitates out) . vnxen is * 
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other solvents under comparable conditions, precipitates 
immediately. Current market products with ca. 88 %rt.% of 
MBA content begin to precipitate at -20 °C after. 3 to 21 
days. Thus, in an advantageous manner, the mixtures of 
5 methionin and MRA do not require the use of .supplementary 
heating to a certain extent when being transported: for 
prolonged periods under cold conditions . Also storage under 
corresponding cold conditions is considerably simpler 
because costly additional heating is not required. In 

10. addition it is noteworthy that MHA enhances the methionin 
additive with regard to biological efficacy. Thist is novel 
and surprising because to date no methionin- containing MHA 
liquid formulations have been disclosed and the 
availability of "such mixtures would not have been 

15 inshediately obvious to a: person skilled in the art, due to 
the unexpected solubility of methionin in MHA. In \ ■ 
particular, a mixture of MHA and methionin is the first 
liquid feedstuff supplement with a biological efficacy 
which is greater than that of the only know 

20 feedstuff additives based on MHA. 

In yet another preferred; embodiment, the, invention, provides 
the use of MHA as it is obtainable from a process as 
described above/ for preparing, mixtures for animal 
25 feedstuff supplements, wherein the use. is characterised, in 
that a mixture is prepared, using gaseous ammonia, aqueous 

ammonia and/or ammonium MHA, whose MHA content , including 

■ ■ ■ . - * . *. . • • * , 

monomer, diners and oligomers is < 80 wt,% and whose 
, oligomer, content- including MBA dimers and oligomers, after 
30 storage for 3 C days at 40°C, is < 2£ mol-%. With respect to 
the total active substance, content of MHA f dimers, and 

oligomers. With regard to storage-stability at room 

■ . * ." ' • ■■• ■■ ■ 

temperature or during . cold storage , mixtures of MHA and 

ammonium MHA also, demonstrate astonishing advantages as 

• • . * • " * *• * • ' '. • 

35 compared with, pure MHA, wherein these advantages, like 

those of mixtures of MHA and methionin, could hot have been 
easily foreseen. In particular, ammonia ha<3 an advantageous 
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effect on the position of the equilibrium between monomers, 
diraers and oligomers. 

The invention is explained in more detail in the following 

5 by making use of examples which refer to the enclosed figure. 

■ 

The figures show; 

Figure 1. a schematic overview of part of a large-scale 
10 plant for. recovering. MHA. wherein for simplicity 

only the working-up section is shown. 



Figure 2 



15 



a. plot of the Canon- Fenske kinematic viscosity . 
for highly concentrated MHA (ca r 98 wti%) stored 
for 300 days, as con^ared with, an 88 wt.%. 
cooanercial product, as well as an KUA solution . 
adjusted to 88 wt.% MHA by using water to dilute 
a concentrate which has been stored, at different 



20 



Figure 3. 



a representation of the variation in 
concent ration of. MHA and diraers ♦ oligomers 
during, the storage, of MHA concentrate {ca. 
.9.8 wt .%) for 300 days at. room 



25 



Figure 4 



30 



Figure 5 



25 



a representation of the variation, in 
concentration of MHA and dinners. * oligomers in 
too1-% during the storage of MHA (68 wt.%) for. 300 
days . at room -temperature'. 

.... * • - 

a representation ot the variation in. MHA + 
methionin, diners. + oligomers and the methionin 
content in mol-% during the. storage of • MHA 
mixtures of 78 wt.% of MHA and 10 wt.% of s 
methionin for 300 days at room temperature. 



Jf 

a- 



1 



a representatipn of the variation in MHA + 
ammonium MHA,. dimers + oligomers, and ammonium 
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MBA content in mol-% during the storage of MBA. 
mixtures of 78 wt.% NBA ♦ 10 wt.% of awaonium; MHA 
for 30 days at 40"C. 



10 



Analytical methods of determination and definitions 

***** * * i ** 

* * * 

The concentrations of M4?-cyanohydrin, MBA- amide 
monomers and methioain were quantitatively 
the. process solution by HPLC by means pf comparison 
external standard (pure substance) . 



in 
with an 



15 The concentration of total MHA « (tot. KHA) « KHA- amide 
(optional) + MHA monomer 4 MHA (dimers ♦ oligomers) +. 
me thionin (optional) 



■i 



■i 

3 



20 



25 



was determined by titrimetric determination of the 
thioether function using, a KBr/KBrO, standard solution 
expressed as the sum of the corresponding MBA monomer 
equivalents , in . [vt .%] or [gj or [mol] or . [mol-%1 . 



The concentration pf MHA diners > MBA oligomers. (DIM 4 OLD 

* * '..'•* ■ ' * • 

was determined by calculating the difference between total 

MHA and MBA monomer + (optional MBA- amide and/or me thionin) 

and expressed as. the sum of the corresponding MHA monomer 

equivalents in lwt.%) or [g] or [mbl] or lmoi-%1 . 



i 
r 



30 The water content was determined by Karl-Fischer titration, 
the MIBK content by GC or a difference sum # the sulphate or 
amnonium content by ionic chromatography using stanoara 
methods. . 
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In a set of «p«*««, it was investigated to what extent 
^ HMP-cyanohydrin is converted i nCo MBA-amide on contact with 
5 aqueous sulphuric acid under various conditions 



30 



in a 1 1 three-necked flask with a reflux condenser. 

S'LaVro 1 ' stirrer 
and 138 g (i.o mql) 9 f 95 % MHP-cyanohydxin were added 

dropwise over 30 minutes with stirring. After- a further^ 

coulHo ' - " thiB MMP TC yanohydrin 

could no ionger be detected in the reaction solution 



Performing experiment 2 



S!f ^ / ^ rforned ». ^ -ay as. experiment 1 
u ing r> g CO. 55 mol, p f 75 % H a so 4 and i 38 g clTmol, of 

0 ^ ri °- ^ 150 ^ POS * reactio » time. 

«J ■ h! f 6 Ch ^ retlcal ~« « KHP-cyanohydrin could 
stixx be detected. 



25 Performing experiment 3 



155. g CI. 03 mol) of 65 \ w cr» *■.„',•'' 

uui. ^ • ^»*°'« "8. g Cl.Q mol) of 95 % 

HHP-cyanohydxin were simultaneously supplied over 15 

^trrrefii teBp r ture ° f 5o ° c to * 1 1 f ™* ed 

IhelLH! ? 0ndea8 -' . t - popping funnels, an internal . 
thermometer and-a mastic stirrer, After a further is min 
post reactxon time at tnis temperature. MMP-cyanohydrin- ' 
could no longer be detected.. . 



35 
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Performing experiments 4 - 



22 
11 





» 4 - ii were 

3 with the reaction 
5 summarised in Table i. 



in the .sarae way as 
parameters and results 



i 



j 

i 
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* . ■ 

As shown in Table 1, cc^lete conversion of MMP-CH was 
found within the stated reaction times in experiments l, 3, 
6,. 7, 10 and ii. 

The reaction, time required; for complete conversion of MMP- 
CH with H a SO« increases with increasing molar ratio of KMPv 
CH to H a so 4 (compare experiments 8 and il) . The different 
sequences of addition of the substances used which was 
practised here ( 1J or « ) had nc serious ef f ect on the 
reaction results (compare experiments x and 3 or 2 and 4). 

Example 2 

Performing experiment 1 



35.8 g (0.35 mol, 0.7 mpl equ.) of 96 % H^SO^ in a 500 ml 
three-necked flask with a reflux condenser, dropping 
funnel, internal thermometer and magnetic stirrer were 
diluted with water to a sulphuric acid concentration of 

78.9 wt.% HjSO«. Over the course of 23 minutes, with; 
stlrrin 9' ^ 7 : s 5 (0.5 tnol) o£ 97^2 V.MW?-CH were added 
dropwiso at ?. te^era^re 'of 49"- 5<S*C. After, a further . 
20 min post reaction time at: ca. 50 *C, complete conversion 
of cyanbhydrin (0 wt.%) to KH*-amide (66.2 wt.%) was 

25 confirmed by means of HPLC analysis. The content© of the 
flask were transferred by means! of 

42.3 g of water to a 200 mi steel autoclave with a glass 
insert , internal temperature measuring device, manometer 
and magnetic stirrer so that the concentration of the 

* • * * * , * * * 

30 aqueous sulphuric acid present in the reaction mixture was 

44 Wt.%. ' 

# * ■ » 

After sealing the autoclave, the reaction mixture was taken 

• " ■ ■ *■ • . 

to a reaction . temperature of 140°G over the course of ■ 45 

35 min and stirred at this temperature for another 120 min. 

* ■ * • * ■ ■ . ■ * 

After cooling and opening the autoclave, 150.4 g .of MHA . . 
hydrolysate were obtained. A total amount of 71.5 g (0.40 
mol, 95.2% of theoretical, yield) of. MHA. were obtained, as 



i 




10 
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measured by titration of the. sulphuric acid equivalents, 
with bromide/bromate solution. 57. 5 g (76.6 % of 
theoretical) of MHA monomer vere found by means of HPLC 
analysis. By difference, this gives 14.0 g (18 6 % of 
theoretical, of MHA. (dimers .♦ oligomers) , each expressed as 
MHA monomer. MHA-amide couid no longer; be detected by means 
Of HPLC. ■ * 



Performing experiments 2-5 



Experiments 2 - s were performed in the same way as 
experiment. 1. *ith the reaction parameters and results 
summarised in Table 2 . in experiment. 4. the 1st stage was 
performed in a 2 1 glass flaski. the 2nd stage in a 2 1 
is autoclave, in experiment s both stages were performed in a | 
2 1 glass flask- * 
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Example 3 

Isolating highly concentrated KHA from MHA hydrolysate by 
means of liquid/liquid extraction and evaporating the 
5 extraction solution. 

Process description making reference to figure 1 

Figure 1 6hows a schematic diagram of the apparatus used 
10 for exansgle 3 This comprises essentially the following 
apparatus . 

Extraction column (001) = pulsed perforated plate column, 

3 m long, 2-1 cm internal 
15 / diameter, 60 



heated double-walled jacket 



Thin iayer evapprator *= Sambay evaporator with 0.08 
(002) exchange area, heated double-* 

. .'walled; jacket. | 

Condensation system ■ water-cooled glass condenser | 
(003) 

25 Collection containers for recycled water and solvent 

(004/005) 

■ I ■ " * * * - 

The MBA hydrolysate , leaving the MHA hydrolysis stage which 
consists essentially pi MHA (nwnomer ♦ dimers ♦ oligomers ♦ 

30. optional amide) UJH«) 2 S0; an^/or NH4HSO4 and water, is fed 
to a level above the 40th plate in extraction colunoa 001, 
after being preheated to the extraction temperature . The 
solvent (here methylisobutyl ketone - MIBK) , also 
preheated, is punned in at the bottom of . the column 

35 ( count ercurrent principle) . In addition, the head of the 
column is supplied with wash water. The raff inate, 
containing essentially (NH t ) 2 S0 4 and/pr NH 4 HSO< and water, is 
withdrawn at the bottom of the column. The extraction 
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10 



solution containing essentially. MHA, solvent, and water ia 
abstracted at the bead of the column and then fed to the 
Sambay evaporator 002. There, MIBK and H a O are removed 
together from the extraction solution by applying a .vacuum 
and blowing in additional H a O vapour, as veil as a current 
of K 2 just in front of the outlet from the evaporator. The 
evaporation process was operated in such a way that 
< 2 wt.% of HjO could be detected at the Sambay outlet 
(Karl Fischer titration) and the highly concentrated MKA 
being discharged was virtually solvent-free. 



The solvent /water mixture emerging from evaporator 002 was 
first condensed in 003 and then taken to a separation 
vessel for separation. Solvent .and Water were each 
15 collected in a collection container, 004 and 005 

respectively, and from there returned to the extraction 

" * * * * • * 

system. The Sambay discharge , cooled to room. temperature, 
was taken to a product collection container... 



20 The conditions and results of the individual experiments 

■ . ■ . . ■ - ' 

1-4 are tabulated in the following summary. 



25 



TLz c exposition of the extraction, solution was analysed 
immediately after leaving the head and the composition of 
the raffihate solution was analysed immediately af ter 
leaving the bottom of extraction column 001. . 



The composition of the highly .concentrated Mail was 
determined . in the Sambay discharge directly after leaving 
30 the discharge point. . 



The MHA hydrolysate solutions used for extraction were 

•■ . * • . 

. prepared, in a pressure-stabilised 400 1 stirred tank from, \ 
114.7 kg (874 mol) of MMP-cyanohydrin and 85 J 7 kg (874 mol, 
35 1.00 mol equ.) of H a SO« Under the conditions given in 

example 2, experiment 5 or from 142.9 kg (1089 mol) of MMP- 
cyanohydrin and 110.0 kg (li22 mol, .1.03 mol equ.) of E a S0 4 
under the conditions, in example 2, experiment 5 or from 
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"S.3 kg ( 879 ^ 0( MHP-cyaaohydrin 

0.S5 mol equ.) of Hl SO, under the ^ i <*•«.■*. 

aVftai> . ■ • • • 2 1 wutsir cne conditions in examnlt> r> 



X0 




of highly concentrated MHA 
Experiment 1 



15 feedstock of MHA faydroliysate from KMP-cyanohydrin and l b 
nol equ. of H a s6 4 . • 1 '° 

Feedstock used for extraction: 

• - •. ' ■ .'!:•••■ • ' ' 
20 Mass flows m MIBX s kg/h 

- MH& hydrolysate 8.4 kg/h 

- total. tJHJi ' 3.4 kg/h 
.-I wash HiO o.s kg/h 

- MIBK/hydxolysate 0 . 6 r-i 

25 

Composition of the MHA hydroiysate: 

(prepared in the same Vav as in a V9 ,~o_ ^ , 

aome way as in exan^le 2, experiment S) 

i ■ ■ ■ . ■ . * 

. * * •**» 

i • . - 

- tot. MHA; 42 Wt.li MHA 90 Ml-*. *" , - 

* *<# moi r * # dimers + oligomer* 

- H 3 0:. 28.9 wt.% 

- Sb 4 a " : 25,9 wt.* 

Extraction (001) : 
35 Temperature: «o>c (ayeragej 
Compositions 

♦ . . * * * a m * • . • . 

- of the extraction sblution: MIBX 47 vt.V 

tot". MHA 40 vt.t 
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-of the raf fixate: 



Evaporation (002) : 



HiO 13 wt,% 

tot. HHA 0.1 vt.% 



10 



15 



100 mbar 

in the beating jacket : 15o°C 
at the head: ' 62«C 
at the bottom: Um ^ 

- stripping steam: o.S kg/h 

- N a stripping gas 100 l/h 

- composition of . highly concentrated HHA at bottom 
discharge: tot. Mm 98 wt.%; MHA 86 mol-% 

diners ♦ oligomers X* mol-% 
H,0: 2 wc . * 

MIBK: 40 ppm . 

About 3.S kg/h of MHA concentrate with the composition 
point; ° btaij,ed - t the bpttW Saob <* discharge . 



20 



Feedstock of MHA hydxbly 
25 1.03 raol equ. of U x S0 4 . 



sate from MMP-cyanohydrin and 



Mass flows 



30 



MIBK 

MHA hydrolysate 
total MHA . 
wash H a O 

MIBK/hydtdlysate 



3-* kg/h 
5.38 kg/h 
2.10 kg/h 
0.5 kg/h 
0167 M 



35 Composition of the MHA -hydrolysate: 

(prepared in the same way as in example 2, 



5} 



* * 
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tot. MBA: 39.0 Wt.%; MHA 86.9 mol-%; 
13.1 mol-% 

^a° s ca. 30 wt.l (residue) 

S0 4 J ': 25.4 wt.% 

M^HSO*: 30.4 wt.% 



Extraction (001) ; 



15 



20 



25 



30 



54 *c (average) 



Compositions 

* 

10 - of the extraction solution: 



- of the raff inate 



MIBK 
tot. MHA 

tot. KHA 
MIBK 



* 54 wt.% 
34 ;1 *t.% 
11.9 Wt.% 

0.3 
30.4 wt.% 

0.17 wt.% 



Evaporation (002) 



100 

in the heating jacket: . 150°C 
at the head: 65°C 
at the bottom: 92*C 

- stripping steam: .0.7 kg/hi 

- N 2 stripping gas 100 1/h 

- composition of highly concentrated MHA at bottom 
discharge; tot; MHA 99.2 wt.%; MHA, 86.9 moi-% 

dimers ♦ oligomers 13.1 mol-% 
HjO: 0.8 wt.% 
SO/' : 0.43 wt.% 
MIBK; 28 pp© 



About 2.1 kg/h of MHA concentrate with the composition 
given above were obtained at the bottcra Sainbay discharge 
point. 



3 5 Experiment 3 



Feedstock of MHA hydrolysate. f rom MMP-cyanohydrin 

* * * 

0.55 mol equ. of H 2 S0 4 . 
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Feedstock used for extraction; 



Mass flows 



- MIBK 

- MHA hydrolysate 

- total HHA 
• wash H a O 



3.6 kg/h 
€.55 kg/h 
2.62 kg/h 
0.5 kg/h 



- MiBK/hydxolysate 0.55 [-J 

Composition of the 'MHA hydrolyaate : 
10 (prepared in the same way as in example 2, 



- tot. MHA; 40 Wt.%; HHA 94.7 mol-%; 
5.3 mol-% 

- HjO: ca. 40.2 wt.% 
15 - S0 4 2 ": 13.9 vt.% 

- 4.85 Wt.% 



4) 



20 



25 



30 



35 



Extraction (OOi) : 



52°C (average) 
Compositions 

- Of the extraction solution: KIBK . 

tot. MHA 



- of the raffinate: 



on (002) i 



H a 0 , 

tot. MHA 



-49 wt.% 

35.8 wt.% 

14.9 wt.% 
0.13 vt.% 



Sambay - temperature 



150°C 
59«C 
92°C 



100 mbar 

in. the heating jacket: 
at the head; 
at the bottom:, 
steam: 0.6 kg/h 

- N a stripping gas 100 1/h 

- composition of highly concentrated MHA at bottom 
discharge: tot. MHA *8. 8 yt.*; MHA 95i.l mol-% 

• dimers + oligomers 4.9 mol-% 
0.5 *rt.% ' 

0«18.wci% 
.477 ppm . 



H 2 0 
MIBK 



1- 



'3- 
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About 2.7 kg/h 3f MHA concentrate with the composition 
given above Were obtained at the bottom 

Lnt. 




of mha hydrolysate f rom I MMP-cywohydrin 
0-55 mol equ, of H 3 S0 4 , 

' ' ' ■ • " 

10 Feedstock used for extraction: 



Mass flows 



15 



20 



25 



MIBK 

MHA hydrolysate 
total MHA . : 

MIBK/hydrolysate 



3.6 kg/h 
6.89 kg/h 
2.7$ kg/h 
0,5 kg/h 
0.52 (-] 



Composition of the MHA hydrolysate : 

:ed in the same way as in exacpi 



r tot. MHA; 40 Wt.%; MHA 94.7 «ol-%; 

5.3 rool-% . 

- H 4 0: 40,2 wt.t 

- S0 4 ?- : 13; 9 wt.* 

- KH/: 4.85 vt.% 



e 2, experiment 4) 



i 

! 

; 



30 



35 



Extraction (001) ; 

Tenperaturei S2 «C (average) 

Conpositions 

- of the extraction solution: MIBK ca. 49.3 vt.% 

tot, MHA 35.8 wt.% 

H a O 14;9 

tot. MHA 0.1 wt.% 



- of the raffinate: 



(002) : 

sure: 

Sarabay - temperature 



100 obar 

in the heating jacket : . 150°C 
at. the head: . 59°c 
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30 
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at the bottom: 95°c 
• stripping steam: 0.6 Icg/h 

- N 3 stripping gas 100 1/h 

- composition of highly concentrated KHA at bottom 
discharge: tot. MHA: 9? wt.%; MHA, 54.9 mol-% 

diners ♦ oligomers 5.1 m l-% 

HjO: 0.2 vt.% 

S0 4 3 ': 0.16 wt.% 
MIBX: 482 ppm 

About 2 . 8 kg/h of. MBA, concentrate with the composition 
given above were obtained at th? bottom Sambay discharge 
point. 

IS As a comparison of experiments 1 - 4 shows, an MHA 

concentrate with * 98 wt.% of total MHA and 0.2 to 2 wt.* 
of water can be obtained without any product damage 
occurring [enlarged MHA- (dimer* ♦ oligomers) f raction] . 
This surprising result is shown in a particular way in the 
MHA concentrates from the iow-sulphate MHA hydrolysis 
solutions (experiments 3 and 4 J. Here, the MHA- (dime rs ♦ 
oligomers) fraction is o=ly 4 . 9 ; - 5,1 aol.-i, as compared 
with 13.1 - 14 mol-% in experiments 1 and 2. The ratio of 
the proportion by weight of MHA monomers to the sum of. 
25 dimers> oligomers I- MHA/MHA- (dimioii) ] is about 19 and 
6-1 - 6.6 respectively :"ln ail the. cases shown' here, the 
MHA- (dimers+oligomers) fraction is thus well under the * 
conventional values for MHA commercial products which have 
an MHA- (diraers+oligomers) fraction of about 20 - 25 mol-%. 



In addition, it has been possible crucially to improve the 
ratio of the MHA/MHA- (dim*61i) proportion, by weight as 
compared with the values given iri examples 1 - « ctf patent 
BP 0 142 488 ( these being 3.3; 3.2/3.7 (example 1), 1.8 
35 (example 2). 3.0 (example 3), 5.4 (example 5) and 5^2 
(example 6) . 
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Preparation of a MHA-mechionia-^o mixed product from MHA 



10 



w * * » 

Experiment X was performed in the same, way as example 3 
experiment 2 with the difference that the methibnin and 



15 



water were added to the discharge fro* the bottom of the 
Sambay evaporator in a etirred tank and a homogeneous 
solution with 89 wt.% of- total MHA*' and ca. io wt.% of 
water was produced by stirring. For this. 3.2 kg of D L- 
methionin (- Met) and 3.2 kg of water were added to a total 
of 25. 7 kg of the MHA concentrate . with the composition 
mentioned, and the mixture was homogenised by stirring The 
product produced in this way (32.1 kg) had the following .. 
analytically determined coa^ositiont 

20 total MHA* 1 89.2 - 100. 0 mol-% 

MHA monomer C4.8 wt.l - 72.6 mol-t 

MHA (dimer + 15.1 wt.% m i6. 7 
oligomer) 

Met 9.2 wt.% - 10.7 tD0l-% • 

2S S0 4 2 T 0? 8 wt.% 



total MHA » MHA- (monomer + dimer ♦ oligomers ) * Met 



30 Experiment 2 

Experiment 2 was perf orraed in the same way as example 3; 
experiment 3 with the difference that the methionin and 
water were added to the discharge from the bottom of the 
35 Sambay evaporator in a stiirired . tank and a homogeneous '.. ' 
solution with 98 wt " . % of total MHA*- and ca . li wt , % of 
water was produced by stirring. For this, 3:5 )cg of 
methionin and 4.0 kg of water were added to a total of 
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•j™ * of the wu concentrate with the co^oai^ 
mentioned. a»d dissolved by stirrinc _ CO0,po8ltion 
in this vav ( 3 4 . S kg) . J^SS^JTT 
determined composition. *> lio "«9 analytically. _ 



total mha*» aa .i - 

,A "■ 100.0 nol-% 

MH* monomer 73.8. wt.% - «.« „»!-* 
HHA (dimer. 4 . 3 wt% m ;< 9 ^ 



oligomer) 

10 Met 

. so« 2 - 



10.0 wt.% m 11,4 mol-% 
0,16 wt.% - 
M1BK 482 ppm 



15 



^ oinier «- oligomers) ♦ Met 

Rxan^le s 

Preparation of MH&-MH, salt solution from MHA 




20 



25 



. caused the tenperatyre to increase to si-c »«' 
■to room temperature, 57 6 o of « k cooling 
"efollovW^ -ear ii^ d , ith . 

30 total MHA ir 0 „ . 

68.3 Vt.% 
MHA monomer ' ■ e« 

• • - 59:5 

0.0 vt.V 

MHA- (ditners^oligomars) 8 .8 wt V - 

22 .4 . 



I 

i.- 



8 



9 



»«•» 3««a «.craceion solution „ > 



caused the V^«v.i„.- ^ .• wt -*> - This 
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10 



Reparation of a MRA-niL 8alc aolli€inn # 
solution . . „ . 8o * u Cf on . f rom MHA 

* * * 

.3502 g of MHA extraction Boiution with a . 

35.8 wt.% of total MBA. w 9 wt * TJ a c ^tration of 

S-C in an ice bath. inT!bi L^^' *' ^ C °° led t0 
«««• the course of 3.5 k ^ ■ »t s - li'c 



9.0 «t.* 
9-8 "wti.%. 




After, dilution with 230 g of water 'and 20 g of 25 % 
strength ammonia solution, a verv m^i/ V 
(1743 g) with the follow? ^ ^ Pale brown liquid 
a* wa.cn the following composition was 

■ ■ * ; .'•*•■■** 

30 total MHA it . n ■ . ■ 

iaels ■ . - MHA monomer 68.3 wt.% 

- MHA-amide . : 1.7 wt.% 

- MHA- (dimers* 0.0 wt.% : 
oligomers) 

3S NH,* . . 

.. 8.1 wt.% . . 

H,0 

3 . 20.0 Wt.% 



t 
i 

3 



heavier phase (2202 T ****** formed. THe 

IS a water jet vacuum, wherein an fl ii„ 7 b> m "* er 

(1583 g> with the folW ' ^ * bf0wn - ve1 ^" liquid 

S th the £ ^~"g con^ OS ition was obtained.- 1 

■3 

total . MHA ni ^ j 

incl: - mha. ^ • ^ * (m 103 % of theoretical) j 

20 MHA monomer 79.3 vt.* .. . 1 

- MHA-(dimers 0.0 wt^t | 

..♦oligomers) i 



1 

j 
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Surprisingly, unwanted MHA- (dimers ♦oligomers) could no 
longer be detected in the product solution after, this 
treatment. Only a negligible amount of MHA-amide was, 
as the single secondary product . 



Example 7 

:ioxv of an KHA-MHANH^H^O mixed product from MHA 
extraction solution 



10 



15 



20 



25 



Using the conditions essentially given in example 3 , 
experiment 2. 10 kg of MHA. extraction solution with a 
concentration of 39.7 wt.% of total MHA. ca,,l2 wt.% of H,0 
and ca. 48 wt.% of MIBK were evaporated. in the Sambay 
evaporator. The solution being discharged was diluted with 
altogether 0.S3S kg (3.06 inol) of an 8.2 % strength aqueous 
NH, solution and thoroughly mixed.. 

An oily, brown-yellow liquid (4.60 kg) with the following 

composition was thereby obtained (pH - 2 .3) 



Total MHA 
incl: 



- MHA monomer 

- MHA-amide 

- MBA (dimers + 
oligomers). . 



86.2 wt.%. (V 100 % of ,th.) 

74.3 wt.% 
0.6 wt.% 

11.9 Wt.% 



30 



NH 4 * 

so« J - 

MHANH 4 * 



1.2 wt.% 
0.22 wt.% 
13.5'*^%-^ ~ 
10.75 wt.V 



* Calculated value for proportion of MHA-HH 4 proportion 

• ■ * * 
35 (~11.2 mol-% as monomer, dimers and oligomers) 
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Using the condition essentially given in example 3 
experiment 2, 10 «g at HEU extraction solution with'* 
eventration of 35.1 of total ca. «; 7 wt.% of 
H a O and ca. 52 wt :% of M1BK were evaporated in the Sambay 
evaporator . lUe solution, beiag discharged was diluted with 
^together 0.4S kg (4.23 »ol, of a l*.o % strength aqueous 
hh, solution and thoroughly mixed. 

An oily, brown-yellow liquid (3.96 kg) with a p H of ca 2 7 
wd with the following: composition was thereby obtained: " 



Tocal HKA 
15 • incl: 



MHA monomer 
MHA- amide 
MHA (dimers + 



88.6 wt.% ,{ 
76.9 wt.% 

0.0 wt.% 

11.7 Wt.% 



~ ioo % of_th.) 



) 



MHANH/ 



1.94 wt.% 
. 6.15 wt.% 
9.8 wt.% 
17.70 wt.% 



■ * * * 

* Calculated value for proportion of MHA^nh; _ 
25 (-.17.7 tnol-% as monomer, "dimiers and oligomers) 



30 



35 



8 



the Cannon Fenske. viscosity: 



The variation in kinematic viscosities, witih. 
determined, as can best be seen in fig, . 2, witih ail 
Canon- Fenske viscometer using the ISO 3105-1976 
the following MHA qualities: 



method, for 



•98 % MHA, prepared as: in example 3, experiment 2 
stored at room temperature for i> 3u0 days, correspo 
tlie curve with the reference number 1.. in fig. 2, 



to 



i 

i 
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♦ .88% MHA from 98% MHA. prepared as in/exampi 
experiment 2 , stored at room temperature for * 
then diluted to 88 %, coT^^c^wiing to the 
reference number 2 in fig. 2, ar.3' 



e 3. 
300 days and 
with the 



• 86 % MHA as a 
curve with the 



product, corresponding to the 
number 3 in figure 2. 



Despite the relatively high diner 
10 directly after dilution with 
MHA 88 produced from 98 (2) 
commercially produced MHA 88 (3) 



and oligomer content 
, the viscosity of the 
to that of the 



IS 



20 



25 



30 



Example 9 

Storage experiments using MHA products 

The products mentioned, in figures 3 to 6 were each stored 
in a sealed glass vessel without stirring, at the 
temperatures quoted for. a period of . up to 310 days. At 
regular intervals, samples were, withdrawn and the 
concentration of total MHA. MHA monomer, MHA. (dimers +.. 
oligomers) and optionally Met were determined (see methods 
.given above ) . - 

Figure 3 



MHA concentrate which was prepared as in example 3, 

experiment 2, produced an equilibrium mixture, after 

3 month's storage at room temperature , of 

47 mol-% MHA monomer (1) and 

53 mol-% MKA (dimers ♦ oligomers) (2) . 



about 



1 
1 



i 

1 



35. 



Figure 4 

MHA 88, which was prepared in . the same way as in example 3, 
experiment 2 and then diluted with water to 88 % MHA 



FROM 
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content, produced an equilibrium mixture, after about 3 
months storage at room te^eraturei of 
74 mol-l MHA monomers 

26 mol-% MHA aimers ♦ oligomers (2) 

5 ' 

ttU ratio was also found ^ coo^rciai produc^;. 
Figure 5 . 

10 NBA 78 ♦ Met 10 which was prepared as in example 4 

experiment 1 produced ah equilibrium mixture, after about 3 

months storage at room temperature . of 

80 mol-% MHA monomer. ♦ Met (i) 

20 molp% MHA dimers «■ oligomers (2) 

15 

• Figure 6 

* * • • • 

.MHA 78 ♦ MHANH 4 . 10, . Which Was prepared as in example 7 

produced an equilibrium mixture, after only 14 days storage 
20 at 40°C, of ^ 436 

80 mol-% MHA monomers (i) and 

20 mol-% MHA dimers ♦ oligomers (2) . 

» * * * * • + " * * * 

A comparison of figures 3, 4. 5 and 6. shows that product 
25 mixtures such as MHA 78 ♦ Met 10 or MHA 78 ♦ MHAHH 4 10 

clearly have more favourable (dimers.* oligomers) -fractions 
than commercial NBA 88 after prolonged storage, with MHA 78 
.♦ MHANH, 10 the equilibrium stite (caused by elevated 
temperature) was. reached (figure 6) much earlier than in 
•30 the other, eases shown. 
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Patent Claims 



10 



15 



20 



25 



30 
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^~™TZT™ S ***** « 

.«•««* obtain « e ^^ t ^fL^' ,ya ' :01ye ^ o£ 

extraction .ol»ti,» VM T^ y " ; ' m • " order » 

characterised in that . .. 
the evaporation is n»r^„_ ^ ' . 

regaining «tl e .V^ " flUCh a th « the . 
,»xng extract contains lees than 4 *t% of water, 

* ' " ■ ' . * ■ 

A process according to ciaia I 

characterised ih that '' ■ 

the organic H oi vent is removed in an „„ . 

process using a thin lav!T operation 

evaporate, a ^hort^a^ * ^ Uin *>*« 

-ge 0 , witn the ^aTox^.T^ > 

tance of this type of unit. 

A Process according to Claim i or 2 : • 
characterised in that . ' . 

ST** ^ ?°t Sraater than , J/ 

1 * • ■ »■ 

A Process, according to Claims i- to 3 

characterised in that. 

the temperature of the Mm =. 

evaporation is not es^L I *" **** ■ 

C essentiaay higher than. 150«C. 



I 



.v 
* ve 
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5. A process according to Claim 4, 
characterised in that 

the temperature of the MHA as an extract ia between 30 
and 100-C directly at the outlet from the evaporation 
procedure . 

6. A process according to one of tie preceding claims, 
characterised in that 

the residence time of the remaining extract in the . 
evaporation stage, is not longer than 1.5 h. 

7. A process according to one of the preceding Claims,: 
characterised in that 



temperatures of up to 14 b 9 C . 

: ' . ■* " 

8. MHA obtainable by a process described in the preceding 
Claims, having more than 98 vt.%'o£ MHA calculated as 
25 the 6um of monomeric MHA, HHA dimers and MHA oligomers 

as well as more than p:i and less than 2 wt.% of water 
and a kinematic viscosity of > 100 mmVs at 25°C. 

, 9 . Use of the MHA according to Claim 8 to prepare 
30 mixtures for supplementing animal, feedstuffs 

characterised in that * , " 

* * * * • P 

a mixture with methionih is prepared, whose MHA 
content including monomers , dimers and oligomers is 

< 80 wt.% and whose oligomer, content including MHA 

■ ..*■-. ..■■■"*% . * - . ■ 

35 dimers and oligomers is < 25 mol-%, with respect to 

the total active substance content of MHA, dimers and 
oligomers . and methionih, after storage for 300 days at 
room, temperature. 



the hydrolysis of the MMP-CH is performed in such a \ 

15 way that in a first stage the MMP-CH is hydrolysed l 

' " with 60 - 85 % strength sulphuric acid in the molar \ 

ratio MMP-CH:H a S0 4 of 1:0.5 to 1 : 1 .05 at . temperatures 1 

of 30 - S0«C with the production of essentially MEA- j 

amide and this is hydrolysed in a second stage by f 

20 adding water without the further addition of Ulso* at . I 
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10 . use of KHA according to Claim 8 to prepare mixture for 
supplementing animal feeds tuffs, 
characterised in that 

a mixture 1b prepared with gaseous ammonia, aqueous 

* * * 

ffB^nU and/or ammonium MHA, Whose KHA content 
including monomer, dime re and oligomers is < 80 wt.% 
and whose oligomer content including HBK diraers and 
oligomers is < 2S mol-%, with respect to the total 
active substance content of MHA, diners and oligomers, 
after storage for 30 days at 40°c. 



• 4 % 



]■ 

'■ 
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